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7KHLQWHUDFWLRQVEHWZHHQIOH[LEOHSODWHVDQGIOXLGVDUHLPSRUWDQWSK\VLFDOSKHQRPHQD
$IODJLQZLQGLVRQHRIWKHPRVWVLPSOLILHGDQGFODVVLFDOPRGHOVIRUVWXG\LQJWKH
SUREOHP ,Q WKLV SDSHU ZH LQYHVWLJDWHG WKH UHVSRQVH RI D IODJ LQ IORZ ZLWK DQ
H[WHUQDOO\IRUFHGYLEUDWLRQE\XVLQJIOH[LEOHILODPHQWVDQGVRDSILOP([SHULPHQWV
VKRZWKDWIRUDILODPHQWWKDWLVHLWKHULQRVFLOODWLRQRUVWDWLRQDU\WKHH[WHUQDOIRUFHG
YLEUDWLRQ OHDGV WR LWV RVFLOODWLRQ $ V\QFKURQL]DWLRQ SKHQRPHQRQ RFFXUV LQ WKH
H[SHULPHQWV$VPDOOSHUWXUEDWLRQOHDGVWRDODUJHUHVSRQVHRIIODSSLQJDPSOLWXGHLQ
UHVSRQVH7KHLQVLJKWSURYLGHGKHUHLVKHOSIXOWRWKHDSSOLFDWLRQVLQWKHIORZFRQWURO
HQHUJ\ KDUYHVWLQJ DQG ELRQLF SURSXOVLRQ DUHDV &  $,3 3XEOLVKLQJ //&
>KWWSG[GRLRUJ@ 
,,1752'8&7,21 
7KHLQWHUDFWLRQVEHWZHHQDIOH[LEOHSODWHDQGLWVDPELHQWIOXLGDUHFRPPRQSKHQRPHQDLQRXU
GDLO\ OLIHDQG LQGXVWU\VXFKDVD IODJIODSSLQJ LQ WKHZLQGVQRULQJFDXVHGE\ WKHVRIWSDODWH LQ
KXPDQDLUZD\DQGWKHIOXWWHURIDQHZVSDSHUGXULQJLWVSULQWLQJSURFHVV7KHVHSKHQRPHQDRFFXU
ZKHQ D IOH[LEOH SODWH VWUXFWXUH ORVHV LWV LQVWDELOLW\ LQ IORZ ,Q UHFHQW \HDUV H[WUDFWLQJ ZLQG RU
K\GUDXOLFHQHUJ\IURPDIOH[LEOHPHPEUDQHYLEUDWLRQKDVEHFRPHDQHZZD\WRKDUYHVWUHQHZDEOH
HQHUJ\'XHWRLWVWKHRUHWLFDODQGSUDFWLFDOVLJQLILFDQFHWKHIODSSLQJRIDSODWHLQIOXLGIORZKDV
EHHQ LQYHVWLJDWHG H[WHQVLYHO\ ERWK WKHRUHWLFDOO\ DQG H[SHULPHQWDOO\ 7KH PRVW VLPSOLILHG DQG
FODVVLFDOPRGHOIRUWKLVSUREOHPLVDIOH[LEOHIODJLQDVWHDG\IOXLGVWUHDP([SHULPHQWDOVWXGLHVRQ
WKHIODSSLQJEHKDYLRURIDIODJKDYHEHHQFRQGXFWHGLQVRDSILOPVZDWHUWXQQHOVDQGORZVSHHG
ZLQGWXQQHOV 
%\SODFLQJIOH[LEOHILODPHQWVLQDIORZLQJVRDSILOP=KDQJHWDOVWXGLHGWKHPRGHORIRQH
GLPHQVLRQDO IODJV LQ D WZRGLPHQVLRQDO ZLQG 7KHLU H[SHULPHQWDO REVHUYDWLRQV VKRZHG WKDW DQ
LQLWLDOO\VWDWLRQDU\ILODPHQWVWDUWHGLWVIODSSLQJPRWLRQZKHQERWKLWVOHQJWKDQGWKHH[WHUQDOIORZVSHHG
H[FHHGHGVRPHWKUHVKROGYDOXHV$IXUWKHUVWXG\E\6KHOOH\9DQGHQEHUJKHDQG=KDQJVKRZHGWKDW
WKHLQVWDELOLW\RIDIODJDOVRUHOLHGRQWKHGHQVLW\UDWLRRIWKHIODJWRIOXLG7KH\HPSOR\HGDWHPSRUDO
OLQHDULQVWDELOLW\DQDO\VLVWRVWXG\WKHRQVHWRIWKHIODJIODSSLQJ7KHLUPRGHOFRQVLGHUHGWKHGHQVLW\
OHQJWKDQGEHQGLQJVWLIIQHVVRIWKHSODWHDQGWKHGHQVLW\DQGYHORFLW\RIWKHIOXLG7KHLQVWDELOLW\
ZDV FRQVLGHUHG WREH D ORFDOSKHQRPHQRQ DQGYRUWH[ ZDNH ZDV QRW LQYROYHG7KHLU WKHRUHWLFDO
DQDO\VLVUHYHDOHGWKDWWKHV\VWHP¶VLQVWDELOLW\LVFRQWUROOHGE\WZRGLPHQVLRQOHVVSDUDPHWHUVLH
GLPHQVLRQOHVVGHQVLW\6DQGGLPHQVLRQOHVVYHORFLW\8'HSHQGLQJRQWKHSDUWLFXODUYDOXHVRI6
DQG 8 WKH SRVVLEOH VWDWXV RI WKH ILODPHQW FDQ EH HLWKHU VWDEOH ZLWKRXW PRWLRQ RU XQVWDEOH
FRQWLQXRXVIODSSLQJ$VSHFLILFWHUP³VWUHWFKHGVWUDLJKWVWDWH´LVJLYHQWRWKHVWDEOHVWDWH:LWKLQ
DQXQVWDEOHUHJLPHWKHILODPHQWFRXOGH[KLELWDSHULRGLFRQHDSHULRGGRXEOLQJDTXDVLSHULRGLF
RUDFKDRVVWDWHGHSHQGLQJRQWKHYDULRXVFRPELQDWLRQVRI8DQG6$UJHQWLQDDQG0DKDGHYDQ
WKHRUHWLFDOO\ LQYHVWLJDWHG WKH RQVHW RI D IOXLG LQGXFHG IOXWWHU RI D IODJ WKDW DFFRXQWHG IRUYRUWH[
VKHGGLQJXVLQJ 
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WKH7KHRGRUVHQDSSURDFK7KHLUWKHRU\SUHGLFWHGWKHFULWLFDOVSHHGIRUWKHRQVHWRIWKHIODSSLQJDV
ZHOODVWKHIUHTXHQF\RIWKHIODSSLQJ%RWKWKHDQDO\VHVRI6KHOOH\9DQGHQEHUJKHDQG=KDQJDQG
$UJHQWLQDDQG0DKDGHYDQDUHEDVHGRQ OLQHDUL]HG WKHRULHV7KHRQVHWRI IODJIODSSLQJ LV LQ WKH
VPDOODPSOLWXGHUHJLPHZKHUHDOLQHDUDQDO\VLVLVDSSOLFDEOH 
3UHYLRXVVWXG\VKRZHGWKDWDIXOO\GHYHORSHGIODJIODSSLQJLVJHRPHWULFDOO\QRQOLQHDU$QGWKH
IODSSLQJDPSOLWXGHUHDFKHVKDOIRILWVOHQJWK&RQQHOODQG<XHGHYHORSHGDFRXSOHGIOXLGVWUXFWXUH
GLUHFWVLPXODWLRQRIWKH1DYLHU6WRNHVHTXDWLRQDQGDJHRPHWULFDOO\QRQOLQHDUVWUXFWXUDOHTXDWLRQWR
LQYHVWLJDWHWKHIXOOQRQOLQHDUIODSSLQJRIDIODJLQFOXGLQJWKHZDNHHIIHFWVDQGYDULDEOHWHQVLRQLQ
WKHERG\&KHQHWDOGHYHORSHGDWZRGLPHQVLRQDODHURHODVWLFPRGHORIDIOH[LEOHIODJLPPHUVHGLQ
DQLQYLVFLGIORZE\FRXSOLQJWKHSDQHOPHWKRGZLWKDQLQH[WHQVLEOHIODJPRGHO7KH\LQYHVWLJDWHG
WKHWUDQVLWLRQRIDIODJIURPDVWDWLFVWHDG\VWDWHWRDFKDRWLFVWDWH7KH\IRXQGDOLQHDUUHODWLRQVKLS
EHWZHHQWKHGUDJRQDIODJDQGWKH6WURXKDOQXPEHULQSHULRGLFIODSSLQJVWDWHV 
7KHVWXGLHVPHQWLRQHGDERYHIRFXVRQDVHOIH[FLWHGV\VWHPLQZKLFKWKHIODSSLQJRIDIODJ
LQWHUDFWVZLWKWKHYRUWLFHVVKHGGLQJLQLWVZDNH$SDUWIURPVXFKDVHOIH[FLWHGV\VWHPDWWHQWLRQLV
DOVRGUDZQWRDIODJ¶VG\QDPLFUHVSRQVHWRDQLPSRVHGSUHVSHFLILHGPRWLRQRUIRUFHDSSOLHGWRD
IODJ±$VWXG\E\$OEHQRQDSLWFKLQJIOH[LEOHERG\DWLWVOHDGLQJHGJHVKRZHGWKDWWKHJHQHUDWHG
WKUXVWSRZHUKDVDVHULHVRIUHVRQDQWSHDNVZLWKUHVSHFWWRWKHERG\¶VULJLGLW\0LFKHOLQDQG6PLWK
H[DPLQHG D IOH[LEOH KHDYLQJ ZLQJ RQ LWV SURSXOVLYH SHUIRUPDQFH QXPHULFDOO\ DQG IRXQG WKDW D
UHVRQDQFH SKHQRPHQRQ RFFXUV ZKHQ WKH IRUFHG H[WHUQDO RVFLOODWLQJ IUHTXHQF\ ZDV HTXDO WR WKH
QDWXUDOIUHTXHQF\RIWKHV\VWHP)XUWKHULQYHVWLJDWLRQE\0DQHODRQDWKLQHODVWLFSODWHG\QDPLF
UHVSRQVH WR DQ H[WHUQDO H[FLWDWLRQ LOOXVWUDWHG WKDW D UHVRQDQFH PRWLRQ ZDV H[FLWHG DW WKH SODWH¶V
HLJHQPRGH ZKHQ WKH IRUFLQJ VLJQDO FRQWDLQHG DQ HLJHQIUHTXHQF\ 7KH QRQOLQHDU HIIHFWV DUH
DGGUHVVHGE\&DVWURHWDOH[SHULPHQWDOO\DQGWKHRUHWLFDOO\IRUDSHULRGLFDOO\IRUFHGFDQWLOHYHUHG
SODWH LPPHUVHG LQ D VWLOO IOXLG $OEHQ HW DO DQG 5DPDQDQDULYR *RGR\'LDQD DQG 7KLULD
LQYHVWLJDWHGWKHSURSXOVLRQSHUIRUPDQFHRIDVHOISURSHOOHGIODJZLWKDORFDODFWXDWRUDWLWVOHDGLQJ
HGJH7KH SURSXOVLYH HIILFLHQF\ LV IRXQG WR EH LQIOXHQFHG E\ WKH IODJ¶V OHQJWK ULJLGLW\ DQG WKH
GLVVLSDWLRQ RI HQHUJ\ DORQJ WKH IODJ¶V ERG\ 7KHVH VWXGLHV UHYHDO WKDW WKH G\QDPLF RI D IODJ LV
LQIOXHQFHGE\WKHH[WHUQDOPRWLRQDQGIRUFHDQGHVWDEOLVKHGDV\VWHPUHVRQDQWZKHQWKHH[WHUQDO
IRUFHIUHTXHQF\DQGV\VWHPHLJHQIUHTXHQFLHVEHFRPHFORVH 
7KH VWXGLHV RI IODJV¶ IODSSLQJ LQ IORZ DUH UHPLQLVFHQW RI WKH F\OLQGHUV¶ RVFLOODWLRQ LQ IORZ
:LOOLDPVRQ DQG *RYDUGKDQUHYLHZHG WKH IUHH DQG IRUFHG YLEUDWLRQ RI D F\OLQGHU ,Q WKH IUHH
YLEUDWLRQVWXGLHVRIDF\OLQGHUDULJLGF\OLQGHUZDVPRXQWHGHODVWLFDOO\ZKLOHEHLQJUHVWUDLQHGWR
PRYH WUDQVYHUVHO\ WR WKHIORZ7KHYRUWH[ LQGXFHGYLEUDWLRQ9,9RI WKHF\OLQGHU LVD IHHGEDFN
SURFHVVEHWZHHQWKHERG\PRWLRQDQGYRUWH[PRWLRQ2QFHWKHIUHTXHQF\RIWKHYRUWH[VKHGGLQJ
LQWKHF\OLQGHUZDNHDSSURDFKHVWKHQDWXUDOIUHTXHQF\RIWKHIOH[LEOHPRXQWHGULJLGF\OLQGHUWKH
XQVWHDG\ OLIW IRUFH FDXVHV DQ LQFUHDVHG DPSOLWXGH RI WKH PRWLRQ YLD D VWDQGDUG UHVRQDQFH
SKHQRPHQRQ7KHF\OLQGHUZDNHLVWKHQDIIHFWHGE\WKHHQKDQFHGDPSOLWXGHDQGIRUFHGWRPRYHDW
WKHQDWXUDOIUHTXHQF\RIWKHF\OLQGHU 
)RU D IRUFHG YLEUDWLQJ F\OLQGHU WKH ULJLG F\OLQGHU ZDV PRXQWHG RQ D VXSSRUW DUP RU D
WUDQVYHUVHOHDGVFUHZ7KHF\OLQGHURVFLOODWHGZLWKDSUHVFULEHGVLQXVRLGDOWUDMHFWRU\UHODWLYHWRWKH
IOXLG1XPHULFDODQGH[SHULPHQWDOVWXGLHVE\*RSDONULVKQDQDQG.DUQLDGDNLVDQG7ULDQWDI\OORX
UHYHDOHGWKDWWKHUHVSRQVHRIDIRUFHGYLEUDWLRQRIDF\OLQGHUFDQHLWKHUEHLQORFNLQVWDWHLQZKLFK
WKHYRUWH[VKHGGLQJSURFHVVFROODSVHVRQWRWKHF\OLQGHU¶VIRUFHGYLEUDWLRQIUHTXHQF\RULQQRQORFN
LQ VWDWH LQ ZKLFK WKH IORZ PRWLRQ DQG IRUFH UHVSRQVH FRQWDLQ PXOWLSOH FRPSRQHQWV DW ERWK WKH
RVFLOODWLRQ IUHTXHQF\ DQG WKH YRUWH[ VKHGGLQJ IUHTXHQF\ 5HFHQW VWXGLHV FRQVLGHU WKH IRUFHG
YLEUDWLRQRIDF\OLQGHUDVRQHDSSURDFKWRXQGHUVWDQGLQJDQGSUHGLFWLQJWKHYRUWH[LQGXFHGYLEUDWLRQ
SKHQRPHQDRI IUHHO\YLEUDWLQJERGLHV3RVLWLYHHQHUJ\ WUDQVIHU IURPWKHIOXLG WRDF\OLQGHU LV
UHTXLUHGIRUDIUHHYLEUDWLQJF\OLQGHULQ9,9:KLOHIRUDIRUFHGYLEUDWLQJF\OLQGHUQHJDWLYHHQHUJ\
WUDQVIHUPD\RFFXU&DUEHUU\HWDOIRXQGWKDWIRUFHGVLQXVRLGDORVFLOODWLRQVUHSOLFDWHPDQ\IHDWXUHV
RIWKH9,9DSDUWIURPWKHHQHUJ\WUDQVIHU,QRUGHUWRVLPXODWHDOOWKHNH\IHDWXUHVRIWKH9,9ZLWKLQ
DVLQXVRLGDOIRUFHGYLEUDWLRQWKHFRQGLWLRQVLHWKHPRWLRQRIWKHF\OLQGHUVKRXOGEHWKHVDPHDV
WKDWLQDIUHHYLEUDWLRQF\OLQGHU0RUVHDQG:LOOLDPVRQFRPSDUHGWKHIUHHDQGIRUFHGYLEUDWLRQV
ZLWKPDWFKHGH[SHULPHQWDOFRQGLWLRQV7KHLUSUHGLFWLRQIURPWKHPHDVXUHPHQWRIDIRUFHGYLEUDWLQJ
F\OLQGHUDJUHHVZLWKWKHPHDVXUHPHQWVIRUDQHODVWLFDOO\PRXQWHGF\OLQGHU 
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7KRXJKERWKWKHIODSSLQJRIDIODJDQGWKHRVFLOODWLRQRIDF\OLQGHUH[KLELWVLPLODULWLHVWKHUHDUH
VWLOOVRPHPDMRUGLIIHUHQFHVEHWZHHQWKHP,QWKH9,9ZDNHLQVWDELOLW\LVDQHVVHQWLDOLQJUHGLHQW
7KHZDNH LQVWDELOLW\RIDF\OLQGHUH[LVWVHYHQZKHQ WKHF\OLQGHU LV IL[HG+RZHYHU LQ WKHRQVHW
SUREOHPRIDIODJIODSSLQJWKHVWXG\E\6KHOOH\9DQGHQEHUJKHDQG=KDQJVKRZVWKDWWKHLQVWDELOLW\
RIDIODJFDQEHFRQVLGHUHGDVDORFDOSKHQRPHQRQZLWKRXWFRQVLGHULQJWKHHIIHFWRIYRUWH[VKHGGLQJ
,Q WKH IRUFHG YLEUDWLRQ RI D F\OLQGHU WKH F\OLQGHU LV ULJLG 7KH ORFRPRWLRQ RI WKH F\OLQGHU LV
SUHVFULEHG2QO\XQGHUWKHFRQGLWLRQWKDWWKHF\OLQGHUUHSHDWVLWVPRYHPHQWH[DFWO\WKHVDPHDVWKDW
LQDIUHHYLEUDWLRQFDVHGRHVLWVLPXODWHWKHG\QDPLFVRID9,9F\OLQGHU:KLOHLQWKHIRUFHGYLEUDWLRQ
RIDIODJWKHIODJLVIOH[LEOHDORQJLWVERG\7KLVIHDWXUHDOORZVSDUWRIWKHIODJWRPRYHDWWKHVDPH
SDFHDVWKDWRIWKHIRUFHGYLEUDWLRQZKLOHWKHUHPDLQLQJSDUWUHDFWVDVDFRPELQDWLRQRIIRUFHGDQG
IUHHYLEUDWLRQ7KHORFRPRWLRQRIWKHIODJLVDVVRFLDWHGZLWKWKHH[WHUQDOIRUFHGYLEUDWLRQWKHIODJ¶V
QDWXUDOYLEUDWLRQDQGWKHYRUWH[LQWKHZDNH 
,QWKLVZRUNZHXVHDIOH[LEOHILODPHQWDVWKHIOH[LEOHIODJDQGVRDSILOPDVDWZRGLPHQVLRQDO
IORZWRH[DPLQHWKHG\QDPLFUHVSRQVHRIWKHIOH[LEOHILODPHQWWRDQH[WHUQDOO\LPSRVHGYLEUDWLRQDW
WZR LQLWLDO VWDWHV LH D VWUHWFKHGVWUDLJKW VWDWHDQGDQRVFLOODWLQJVWDWH2XUPDLQREMHFWLYH LV WR
LGHQWLI\ WKH IUHTXHQF\ DQG DPSOLWXGH UHODWLRQV EHWZHHQ WKH H[WHUQDO IRUFHG YLEUDWLRQ DQG WKH
ILODPHQW¶VG\QDPLFUHVSRQVH'LIIHUHQWIURPWKHQXPHULFDOVLPXODWLRQPHWKRGVXVHGE\WKHDERYH
PHQWLRQHGVWXGLHVKHUHH[SHULPHQWPHDVXUHPHQWVDUHSHUIRUPHG([DPLQDWLRQVIRFXVRQDVVHVVLQJ
ZKHWKHUDQH[WHUQDOSHUWXUEDWLRQZRXOGDOWHUWKHV\VWHP¶VLQKHUHQWIUHTXHQF\DQGEULQJWKHV\VWHP
LQWRD UHVRQDQFHVWDWH3DUWLFXODU LQWHUHVW LVJLYHQ WR WKH LQLWLDOVWUHWFKHGVWUDLJKWVWDWHZKHUH WKH
ILODPHQWUHPDLQVVWDWLRQDU\EHIRUHWKHIRUFHGYLEUDWLRQLVDSSOLHGZKLFKZDVLJQRUHGE\PRVWRIWKH
H[LVWLQJVWXGLHV 
,,(;3(5,0(17$/6(783$1'0(7+2'6 
7KHH[SHULPHQWDOVWXG\ZDVSHUIRUPHGLQDYHUWLFDOVRDSILOPWXQQHOZLWKDVWHDG\IOXLGIORZ
VSHHGUDQJLQJIURPWRPV7KHYLVFRVLW\RIWKHVRDSILOPUDQJHGIURPîíWRîí
PV$VLONILODPHQWRIPGLDPHWHUDQGîí3DPEHQGLQJVWLIIQHVVZDVXVHGLQRXU
VWXG\7KHOHDGLQJHGJHRIWKHILODPHQWZDVIL[HGRQDOLQHDUUDLOVOLGHZLWKDVPDOOFDVLQJRXWHU
GLDPHWHUPP,QRUGHUWRDYRLGDQ\GLVWXUEDQFHLQIORZWKHFDVLQJLVNHSWDWLQ\GLVWDQFHIURP
WKHVRDSILOP7KHILODPHQWRXWRIWKHFDVLQJLVLPPHUVHGLQWKHVRDSILOP,WLVEHQWLQWRWKHILOP
ZLWKVXUIDFHWHQVLRQ$ZLUHLVLQVHUWHGLQWRWKHFDVLQJWRLQFUHDVHWKHIULFWLRQEHWZHHQWKHILODPHQW
DQGWKHFDVLQJDQGWRSUHYHQWDQ\URWDWLRQRIWKHILODPHQWLQWKHFDVLQJ7KHOLQHDUUDLOVOLGHZDV
FRQQHFWHG WR DQ HOHFWURPDJQHWLFYLEUDWLRQ H[FLWHU SURYLGLQJ D VLQXVRLGDO IRUFHGYLEUDWLRQ WR WKH
ILODPHQW$KLJKVSHHGFDPHUD0LNURWURQ0&ZRUNLQJDWIUDPHVSHUVHFRQGZDVXVHG
WRUHFRUGWKHILODPHQW¶VORFRPRWLRQDVVKRZQLQ)LJXUH 
,QRXUVWXG\WKUHHILODPHQWOHQJWKVDQGPPZHUHXVHGZLWKIRXUIORZVSHHGV
DQGPV7KHFRUUHVSRQGLQJ5H\QROGVQXPEHUUDQJHGIURPîWRî7KH
H[WHUQDOIRUFHGYLEUDWLRQIUHTXHQF\FKDQJHGIURPWR+]ZLWKDQLQFUHPHQWDOVWHSRI+]7KH
DPSOLWXGHRIWKHH[WHUQDOIRUFHGYLEUDWLRQZDVOLPLWHGWREHORZRIWKHILODPHQW¶VOHQJWK)RUHDVH
RIRXUIROORZLQJGLVFXVVLRQVZHGHILQHWKUHHIUHTXHQFLHV 
)S WKH H[WHUQDO IRUFHG YLEUDWLRQ IUHTXHQF\ I  WKH ILODPHQW UHVSRQVH IUHTXHQF\ ZLWK H[WHUQDO
SHUWXUEDWLRQIWKHILODPHQWUHVSRQVHIUHTXHQF\DWLWVLQLWLDOVWDWXVZLWKRXWWKHH[WHUQDOSHUWXUEDWLRQ
ZKLFKLVDOVRFDOOHG³WKHIUHHIODSSLQJIUHTXHQF\´ 
IIIWKHSULPDU\VHFRQGDU\WKLUGHWFIUHTXHQF\FRPSRQHQWVRIILQWKHVSHFWUXPDQDO\VLV 
7KHORFRPRWLRQRIWKHILODPHQWVLQWKHIORZLQJVRDSILOPZDVUHFRUGHGE\DKLJKVSHHGFDPHUD
7KHGLVSODFHPHQWRIWKHILODPHQWZDVPHDVXUHGIURPWKHKLJKVSHHGFDPHUDLPDJHVE\DQLPDJH
SURFHVVLQJSURJUDPGHYHORSHGE\XV)LJXUHVKRZVWKHRYHUODSRIWKUHHF\FOHVRIWKHILODPHQW¶V
ORFRPRWLRQ ZLWKGLIIHUHQW H[WHUQDO IRUFLQJ IUHTXHQFLHV7KH WUDMHFWRULHVRI WKH ILODPHQW¶V WUDLOLQJ
HGJHDUHDOVRJLYHQLQWKHILJXUH7KHOHQJWKRIWKHILODPHQW/ PPDQGWKHIORZVSHHG9  
 ? ? ? ? ? ?  :ŝĂĞƚĂů ? WŚǇƐ ?&ůƵŝĚƐϮϳ ? ? ? ? ? ? ? ? ? ? ? ? ?
7KLVDUWLFOHLVFRS\ULJKWHGDVLQGLFDWHGLQWKHDUWLFOH5HXVHRI$,3FRQWHQWLVVXEMHFWWRWKHWHUPVDWKWWSVFLWDWLRQDLSRUJWHUPVFRQGLWLRQV'RZQORDGHG
WR,32Q6XQ0DU 
 
),*6FKHPDWLFGLDJUDPRIWKHH[SHULPHQWDOVHWXS7KHOHDGLQJHGJHRIWKHILODPHQWLVFRQQHFWHGWRDVOLGHRQDOLQHDUUDLO
7KHPRWLRQRIWKHVOLGHLVFRQWUROOHGE\DQHOHFWURPDJQHWLFYLEUDWLRQH[FLWHU7KHH[FLWHULVGULYHQE\DQDPSOLILHGVLQXVRLGDO
VLJQDOZLWKWKHVSHFLILHGIUHTXHQF\DQGDPSOLWXGH 
LQ)LJXUHDVKRZWKHILODPHQWLQDIUHHIODSSLQJVWDWXV7KHORFRPRWLRQRIWKHILODPHQWLVSHULRGLFDO
7KHIODSSLQJDPSOLWXGHLQFUHDVHVDORQJWKHILODPHQW¶VERG\DQGUHDFKHVLWVPD[LPXPDWLWVWUDLOLQJ
HGJH,WVWUDLOLQJHGJHPRYHVLQDILJXUHRI³´)LJXUHEVKRZVWKHILODPHQW¶VIODSSLQJZLWKDQ
H[WHUQDOIRUFHGYLEUDWLRQRI)S +]:LWKWKHIRUFHGYLEUDWLRQWKHORFRPRWLRQRIWKHILODPHQW
GLGQRWUHSHDWLQFRQVHTXHQFHF\FOHV7KHHQYHORSRIWKHILODPHQWLQGLIIHUHQWF\FOHVZDVQRWUHSHDWHG
7KH WUDLOLQJHGJHDOVR VKRZVDQRYHUODSSLQJRI VHYHUDOGLIIHUHQW VL]HVRI ILJXUH ³´)LJXUH F
VKRZVWKHILODPHQWZLWKDQRWKHUIRUFHYLEUDWLRQRI)S +]+RZHYHUWKHIRUFLQJIUHTXHQF\RQO\
LQFUHDVHGE\+]7KHORFRPRWLRQRIWKHILODPHQWFKDQJHVGUDPDWLFDOO\$QGWKHIODSSLQJEHFRPHV
SHULRGLFDODJDLQ7KHWUDLOLQJHGJHPRYHVLQDVLQJOHILJXUHRI³´ 
)LJXUHVKRZVWKDWZLWKDQH[WHUQDOIRUFHGYLEUDWLRQWKHORFRPRWLRQRIWKHILODPHQWFDQEH
TXLWHGLIIHUHQWIURPWKDWRIDIUHHIODSSLQJILODPHQW2QHTXDQWLWDWLYHYDULDEOHLVUHTXLUHGWRGHVFULEH
WKHORFRPRWLRQ+HUHZHVHOHFWHGWKHGLVSODFHPHQWRIWKHILODPHQW¶VWUDLOLQJHGJHWRFKDUDFWHUL]H
WKHUHVSRQVHRIWKHILODPHQWV)LJXUHVDFVKRZWKHGLVSODFHPHQWRIWKHILODPHQW¶VWUDLOLQJHGJH
WUDQVYHUVHWRWKHIORZDQGWKHLU)DVW)RXULHU7UDQVIRUP))7UHVXOWFRUUHVSRQGLQJWRWKHIODSSLQJ
VKRZQLQ)LJXUHVDFUHVSHFWLYHO\7KHGLVSODFHPHQWLVQRQGLPHQVLRQDOL]HGE\WKHILODPHQW¶V
OHQJWK$VZHFDQVHHIURP)LJXUHLWKHYLEUDWLRQRIWKHILODPHQW¶VWUDLOLQJHGJHLVKDUPRQLFLQ
IUHH IODSSLQJ VWDWXV DQG ZLWK )S   +] ZKLOH ZLWK )S   +] H[WHUQDO IRUFLQJ YLEUDWLRQ WKH
IODSSLQJLVWXQHG)UHTXHQF\DQDO\VLVZDVWKHQFDUULHGRXWWRILQGWKHRVFLOODWLRQIUHTXHQFLHVRIWKH
WUDLOLQJHGJH7KHUHVXOWLVVKRZQLQ)LJXUHLL,Q)LJXUHDLLWKHIUHTXHQF\RIDIUHHIODSSLQJ
ILODPHQWLVODEHOHGDVI7KHSRVLWLRQVRIIDUHPDUNHGZLWKGRWWHGOLQHVLQ)LJXUHVELLDQGF
LL ,Q )LJXUH ELL GRPLQDQW IUHTXHQF\ FRPSRQHQWV DUH ODEHOHG DV I I DQG I7KH SULPDU\
IUHTXHQF\FRPSRQHQWLVI IWKHVHFRQGDU\IUHTXHQF\FRPSRQHQWLVI )SDQGWKHWKLUG 
 
),*)ODSSLQJRIDILODPHQWZLWKGLIIHUHQWH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQFLHV)ORZVSHHG9 PVILODPHQWOHQJWK 
/ PPD)UHHIODSSLQJRIWKHILODPHQWDWDIUHTXHQF\I +]E7KHH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQF\ 
)S +]F)S +],QHDFKVXESORWWKHRYHUODSSLQJRIWKHILODPHQWLQWKUHHF\FOHVLVVKRZQLQWKHFHQWHURQWKHULJKW
RIWKHRYHUODSSHGILODPHQWVLVWKHWUDMHFWRU\RIWKHILODPHQW¶VWUDLOLQJHGJH 
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),*7UDLOLQJHGJHGLVSODFHPHQWZLWKGLIIHUHQWH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQFLHVLQFDVH$)ORZVSHHG9 PV
ILODPHQWOHQJWK/ PP\כLVQRQGLPHQVLRQDOL]HGE\/L7KHGLVSODFHPHQWRIWKHWUDLOLQJHGJH7KHGRWVGHQRWHWKH
H[SHULPHQWDOPHDVXUHPHQWYDOXHV7KHOLQHVDUHILWWHGFXUYHVLL7KH))7UHVXOW7KHGRWWHGOLQHUHSUHVHQWVWKHSRVLWLRQRI
WKHIUHHIODSSLQJIUHTXHQF\ID7KHIUHHIODSSLQJRIDILODPHQWI +]E7KHH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQF\ 
)S +]F)S +] 
IUHTXHQF\ FRPSRQHQW LV D FRPELQDWLRQ RI I DQG I I   I í I ,Q )LJXUH FLL WKH SULPDU\
IUHTXHQF\FRPSRQHQWLVI )S 
:H FDUULHG RXW D IUHTXHQF\ DQDO\VLV IRU DOO WKH H[SHULPHQWDO GDWD RI WKH ILODPHQWV ZLWK DQ
H[WHUQDOIRUFHGYLEUDWLRQXVLQJWKH))7PHWKRG7KHUHVXOWVKRZHGWKDWWKHUHVSRQVHFRQVLVWHGRI
WZRPDMRU IUHTXHQF\FRPSRQHQWV IDQG IZKLFKDUHHTXDO WR WKH IUHHIODSSLQJ IUHTXHQF\ IDQG
IRUFLQJ IUHTXHQF\ )S 7KH UHPDLQLQJ IUHTXHQF\ FRPSRQHQWV DUH WKHLU PXOWLSOLFDWLRQV DQG
FRPELQDWLRQVDQGWKH\DUHPXFKZHDNHUWKDQWKHSULPDU\WZRFRPSRQHQWV7KXVWKHGHFRPSRVLWLRQ
RIWKHWUDLOLQJHGJHGLVSODFHPHQW 
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FDQEHVLPSOLILHGLQWRDVXSHUSRVLWLRQRIWZRZDYHVZLWKWKHLUIUHTXHQFLHVHTXDOWR IDQG)S7KH
H[SUHVVLRQLVZULWWHQDV 
 
ZKHUH\כLVWKHGLVSODFHPHQWRIWKHWUDLOLQJHGJHQRUPDOL]HGE\WKHILODPHQWOHQJWK/$LILDQGĳL
DUH WKH DPSOLWXGH IUHTXHQF\ DQG SKDVH RI WKH LWK FRPSRQHQW RI WKH GHFRPSRVHG WUDLOLQJ HGJH
GLVSODFHPHQW$LVWKHDPSOLWXGHRIWKHIUHHIODSSLQJIUHTXHQF\FRPSRQHQWI$SLVWKHDPSOLWXGH
RIWKHIRUFHGYLEUDWLQJIUHTXHQF\FRPSRQHQW)SDQGĳDQGĳSDUHWKHSKDVHVRIWKHFRUUHVSRQGLQJ
IUHTXHQFLHVUHVSHFWLYHO\ 
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7KHOHDVWVTXDUHVILWWLQJPHWKRGLVXVHGWRILWWKHPHDVXUHGGLVSODFHPHQWV7KHUHVXOWLV 
$ ĳ $S IRU)LJXUHD$ ĳ $S ĳS IRU)LJXUH
EDQG$ $S ĳS IRU)LJXUHF7KHILWWHGFXUYHVDUHSORWWHGLQ)LJXUHWRJHWKHU
ZLWKWKHPHDVXUHGGLVSODFHPHQW 
7RDYLEUDWLRQV\VWHP6WURXKDOQXPEHULVDQLPSRUWDQWSDUDPHWHUWRGHVFULEHWKHRVFLOODWLRQ
PHFKDQLVP7KH6WURXKDOQXPEHULQRXUVWXG\LVGHILQHGDV 
   
ZKHUH I LV WKH IODSSLQJ IUHTXHQF\ $ LV WKHSHDN WRSHDN DPSOLWXGH DQG 9 LV WKH LQFRPLQJ IORZ
YHORFLW\,QDF\FOHWKHWUDLOLQJHGJHRIWKHILODPHQWPRYHVLQWZLFHWKHSHDNWRSHDNDPSOLWXGH$
7KHQXPHUDWRUI$FDQEHFRQVLGHUHGDVKDOIWKHDYHUDJHVSHHGRIWKHILODPHQW¶VWUDLOLQJHGJH8×
7KHGHILQLWLRQRI6WURXKDOQXPEHULVUHZULWWHQDV 
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 
7KH6WURXKDOQXPEHULVWKHVSHHGUDWLRRIWKHVWUXFWXUHWRWKHIOXLG7KHNLQHPDWLFHQHUJ\
RIWKHILODPHQWLVH[SUHVVHGDV 
 
ZKHUHPOLVWKHOLQHDUGHQVLW\RIWKHILODPHQWV LVWKHGLVWDQFHDORQJWKHILODPHQW¶VERG\IURPLWV
OHDGLQJHGJHDQGWLVWLPHXVWLVWKHYHORFLW\DWSRVLWLRQVDQGWLPHW$VZHFDQVHHLQ)LJXUH
WKHGLVSODFHPHQWRIWKHILODPHQWLQFUHDVHVIURPLWVOHDGLQJHGJHWRLWVWUDLOLQJHGJHDQGUHDFKHVLWV
PD[LPXPYDOXHDWLWVWUDLOLQJHGJH7KHWUDMHFWRU\RIWKHWUDLOLQJHGJHVKRZVWKDWWKHGLVSODFHPHQW
WUDQVYHUVHWRWKHIORZLVPXFKODUJHUWKDQWKDWLQWKHIORZGLUHFWLRQ+HUHZHXVHWKHDYHUDJHVSHHG
RIWKHILODPHQW¶VWUDLOLQJHGJH8×DVDVFDOHRIWKHILODPHQW¶VYHORFLW\7KHNLQHPDWLFHQHUJ\LQWHJUDO
DSSUR[LPDWHVRQDVFDOHRI 
   
7DNLQJWKHILODPHQWOHQJWK/DVDUHIHUHQFHOHQJWKDQGFRQVLGHULQJDVRDSILOPZLWKDZLGWK/
SDVVHVWKHILODPHQWWKHIOXLGNLQHPDWLFHQHUJ\LVH[SUHVVHGDV 
   
ZKHUHȡLVWKHGHQVLW\RIWKHVRDSILOPDQGGLVWKHWKLFNQHVVRIWKHVRDSILOP7KHYDOXHRIGGHSHQGV
RQWKHVRDSILOPIORZYHORFLW\ 
8VLQJ(TVDQGZHJHW 
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ZKHUH6 POȡG/6LVWKHGLPHQVLRQOHVVGHQVLW\ZKLFKLVDFRQWUROSDUDPHWHULQWKHLQVWDELOLW\RID
IODJ¶VIODSSLQJ 
)RUDFHUWDLQILODPHQWDQGVRDSILOPYHORFLW\POȡGDQG/DUHIL[HG7KXV6LVIL[HG:HJHW 
   
6WVFDOHVWKHUDWLRRIWKHILODPHQW¶VNLQHPDWLFHQHUJ\WRWKHIOXLG¶VNLQHPDWLFHQHUJ\&RQVLGHULQJ
WKHH[WHUQDOIRUFHGYLEUDWLRQLVUHODWLYHO\VPDOODQGRQO\DSSOLHVRQWKHOHDGLQJHGJHRIWKHILODPHQW
WKHILODPHQW¶VIODSSLQJHQHUJ\PDLQO\FRPHVIURPWKHIOXLG6WLVDQLQGH[UHIOHFWLQJWKHNLQHPDWLF
HQHUJ\H[FKDQJHEHWZHHQWKHILODPHQWDQGWKHIOXLG 
)RUDKDUPRQLFYLEUDWLRQOLNHWKDWVKRZQLQ)LJXUHVDDQGFILVHTXDOWRWKHRQO\PDMRU
RVFLOODWLRQIUHTXHQF\DQG$LVWKHSHDNWRSHDNDPSOLWXGHRIWKHILODPHQW¶VWUDLOLQJHGJH+RZHYHU
IRUDYLEUDWLRQZKHUHLWVUHVSRQVHFRQWDLQVPXOWLIUHTXHQF\FRPSRQHQWVOLNHWKHRQHVKRZQLQ)LJXUH
E WKHUH DUH WZR PDMRU IODSSLQJ IUHTXHQFLHV DQG WKH DPSOLWXGHRI WKH ILODPHQW¶V WUDLOLQJ HGJH
FKDQJHVIURPF\FOHWRF\FOH+HUHWKHSULPDU\IUHTXHQF\FRPSRQHQWZKLFKKDVODUJHU 
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KWWSVFLWDWLRQDLSRUJWHUPVFRQGLWLRQV'RZQORDGHG
WR,32Q6XQ0DU 
7$%/(,)UHHIODSSLQJIUHTXHQF\I+]RIILODPHQWVLQIORZLQJVRDSILOP
DVVRFLDWHG ZLWK GLIIHUHQW OHQJWKV DW YDULRXV IORZ VSHHGV 7KH YDOXHV LQ
EUDFNHWVDUHVXEFULWLFDOIUHTXHQFLHV 
/HQJWKPP 
 
)ORZYHORFLW\PV 
 
    
     
     
     
DPSOLWXGHLQWKHWZRIUHTXHQF\FRPSRQHQWVLVXVHGDVILQWKHHVWLPDWLRQRI6W)RUWKHDPSOLWXGH
WKUHHFDQGLGDWHYDULDEOHVDUHDYDLODEOHWRGHVFULEHWKHGLVSODFHPHQWRIWKHWUDLOLQJHGJH7KH\DUH
WKHDPSOLWXGHRIWKHILODPHQW¶VIODSSLQJHQYHORSWKHPHDQRIWKHDPSOLWXGHVLQGLIIHUHQWF\FOHVDQG
WKHURRWPHDQVTXDUH506RIWKHDPSOLWXGHVLQGLIIHUHQWF\FOHV,QWKHIROORZLQJVWXG\WKH506
RIF\FOHV¶DPSOLWXGHVZDVXVHGDV$LQWKHFDOFXODWLRQRI6W,WKHOSVWRSUHVHUYH6WDVDQLQGH[RI
HQHUJ\H[FKDQJHEHWZHHQWKHILODPHQWDQGWKHIOXLG 
,,,5(68/76 
7KHG\QDPLFVUHVSRQVHRID ILODPHQW LVDQDO\]HGZLWK WKHGHIOHFWLRQRI WKHILODPHQW WUDLOLQJ
HGJH:LWKWKHXVHRIWKH))7PHWKRGWKHUHODWLRQEHWZHHQWKHH[WHUQDOSHUWXUEDWLRQDQGWKHV\VWHP
UHVSRQVHLVXQYHLOHG 
7DEOH,VXPPDUL]HVWKHH[SHULPHQWDOUHVXOWVIRUDILODPHQW¶VIUHHIODSSLQJIUHTXHQF\IXQGHU
GLIIHUHQW IORZ YHORFLWLHV 9 DQG ILODPHQW OHQJWKV /$V VHHQ LQ 7DEOH , IRU WKH WZR VSHFLILF
SDUDPHWHUVWHVWHGKHUHLHDILODPHQWZLWKOHQJWKVRIDQGPPLQDIORZYHORFLW\RIPV
WKHILODPHQWIUHHIODSSLQJIUHTXHQF\LVI 7KHILODPHQWVDUHLQDVWUHWFKHGVWUDLJKWVWDWHLQWKH
IORZLQJVRDSILOPDQGQRRVFLOODWLRQDSSHDUVXQGHUWKHVHFRQGLWLRQV:HDOVRPHDVXUHGWKHVXE
FULWLFDOIUHTXHQF\RIWKHILODPHQWLQWKHVHFRQGLWLRQVDQGGHWDLOVDUHSURYLGHGLQ6HF,,,%'HVSLWH
WKH DERYH WZR FRQGLWLRQV IRU WKH UHPDLQLQJ SDUDPHWHU FRPELQDWLRQV DOO ILODPHQWV SUHVHQW LQ
RVFLOODWLRQVWDWHV*LYHQDIL[HGILODPHQWOHQJWKLWVIODSSLQJIUHTXHQF\LQFUHDVHVZLWKWKHLQFUHDVH
RIWKHIORZYHORFLW\+RZHYHUZLWKWKHVDPHIORZYHORFLW\WKHILODPHQWIODSSLQJIUHTXHQF\GHFUHDVHV
ZLWKWKHLQFUHDVHRILWVOHQJWK 
,Q WKH IROORZLQJ ZH SUHVHQW RXU UHVXOWV EDVHG RQ WKH LQLWLDO VWDWHV RI WKH ILODPHQW ZLWKRXW
H[WHUQDOSHUWXUEDWLRQ&DVH$IRFXVHVRQWKHGLVFXVVLRQDERXWWKHG\QDPLFUHVSRQVHDVVRFLDWHGZLWK
DQLQLWLDOO\RVFLOODWLQJVWDWHZKLOHFDVH%FRQFHUQVWKHV\VWHPLQDQLQLWLDOVWUHWFKVWUDLJKWVWDWH 
$&DVH$ 
,QFDVH$WKHLQLWLDOVWDWHRIWKHILODPHQWLVRVFLOODWLQJ([WHUQDOIRUFHGYLEUDWLRQVZLWKGLIIHUHQW
IUHTXHQFLHVZHUHDSSOLHGWRWKHOHDGLQJHGJHRIWKHILODPHQW:HWHVWHGJURXSVIRUILODPHQWOHQJWK
DQG IORZ VSHHG FRPELQDWLRQV7KH UHVXOWV ZHUH PHDVXUHG E\ WKH GLVSODFHPHQW RI WKH ILODPHQW¶V
WUDLOLQJHGJH)UHTXHQF\DQDO\VLVRIWKHGLVSODFHPHQWE\WKH))7PHWKRGZDVFDUULHGRXW:HIRXQG
WKDWDV\QFKURQL]DWLRQSKHQRPHQRQRFFXUVLQWKHUHVSRQVHIUHTXHQF\IEHWZHHQLWVWZRFRPSRQHQWV
WKDWDUHHTXDOWRWKHIRUFHGYLEUDWLRQIUHTXHQF\)SDQGWKHIUHHIODSSLQJIUHTXHQF\IUHVSHFWLYHO\
7KLVDSSOLHGWRDOOWKHIORZYHORFLWLHVDQGILODPHQWOHQJWKVWHVWHGLQWKLVFDVH$JHQHUDOREVHUYDWLRQ
LVWKDWJLYHQWKHIRUFHGYLEUDWLRQIUHTXHQF\)SLV]HURWKHILODPHQWIODSVDWLWVIUHHIODSSLQJIUHTXHQF\
I:LWKWKHUHJLRQRI)SEHLQJJUHDWHUWKDQEXWIDUIURPIWKHILODPHQWIODSVLQDTXDVLSHULRGLF
RVFLOODWLRQVWDWHDQGSUHVHQWVWZRUHVSRQVHIUHTXHQF\FRPSRQHQWVLQ I )RUPRVWSDUDPHWHUV WKH
GRPLQDQWIUHTXHQF\FRPSRQHQWLVHTXDOWRIZKLOHWKHVHFRQGDU\IUHTXHQF\FRPSRQHQWLVHTXDOWR
)S:LWK)SQHDUIWKHV\QFKURQL]DWLRQSKHQRPHQRQDSSHDUV7KHV\VWHPEHKDYHVLQDSHULRGRQH
IODSSLQJVWDWHZLWKDVLQJOHUHVSRQVHIUHTXHQF\WKDWLVHTXDOWR)S 
)LJXUHVKRZVWKHUHVXOWRIDILODPHQWZLWKOHQJWK/ PPLQFDVH$,Q)LJXUHLLLLWKH
IORZYHORFLWLHV9DUHDQGPVUHVSHFWLYHO\7KHIUHHIODSSLQJIUHTXHQFLHVRIWKH 
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2Q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 
 ),*5HVSRQVHRIILODPHQWZLWKDQLQLWLDORVFLOODWLQJVWDWH7KHOHQJWKRIILODPHQW/ PPLLLL7ULDQJOHVTXDUHDQG
GLDPRQGV\PEROVUHSUHVHQWWKHH[SHULPHQWDOGDWDDWWKHIORZVSHHGRIPVPVDQGPVUHVSHFWLYHO\)SכLVWKH
GLPHQVLRQOHVVH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQF\DIכLVWKHGLPHQVLRQOHVVUHVSRQVHIUHTXHQF\RIWKHILODPHQW¶VWUDLOLQJ
HGJH)LOOHGDQGRSHQHGV\PEROVUHSUHVHQWWKHSULPDU\DQGVHFRQGDU\IUHTXHQF\FRPSRQHQWVRIIכUHVSHFWLYHO\E$כLVWKH
GLPHQVLRQOHVVDPSOLWXGHRIWKHILODPHQW¶VWUDLOLQJHGJH7KHJUD\UHJLRQVGHQRWHWKHYDULDWLRQUDQJHVRIWKHDPSOLWXGHVLQ
GLIIHUHQWF\FOHV7KHWRSDQGERWWRPERXQGDULHVRIWKHJUD\UHJLRQVDUHWKHPD[LPXPDQGPLQLPXPIODSSLQJDPSOLWXGHVF
6WLVWKH6WURXKDOQXPEHURIWKHILODPHQW 
ILODPHQWIDUHDQG+]UHVSHFWLYHO\,Q)LJXUHWKHIRUFHGYLEUDWLRQIUHTXHQF\)S
DQGUHVSRQVHIUHTXHQF\IDUHQRQGLPHQVLRQDOL]HGE\WKHIUHHIODSSLQJIUHTXHQF\IDQGGHQRWHG
DV)SכDQGIכ 
$IUHTXHQF\ ORFNLQSKHQRPHQRQLVFOHDUO\VKRZQLQ)LJXUHD:LWKLQ WKH ORFNLQUHJLPH
ZKHUH )Sכ LV DURXQG RQH WKH UHVSRQVH IUHTXHQF\ RI WKH ILODPHQW LV ORFNHG WR WKH SHUWXUEDWLRQ
IUHTXHQF\LPSRVLQJRQLWVOHDGLQJHGJH2XWRIWKHORFNLQUHJLPHERWKWKHSHUWXUEDWLRQIUHTXHQF\
DQGWKHIUHHIODSSLQJIUHTXHQF\DUHREVHUYHG,QRXUVWXG\WKHUHVRQDQFHLVFHQWHUHGE\WKHILODPHQW¶V
IUHHIODSSLQJIUHTXHQF\7KLVIUHTXHQF\ORFNLQSKHQRPHQRQLVGLIIHUHQWIURPWKHV\QFKURQL]DWLRQ
RU ORFNLQ SKHQRPHQD LQ WKH IUHH RVFLOODWLRQ RI D F\OLQGHU 9,9 ,Q D FODVVLFDO V\QFKURQL]DWLRQ
SKHQRPHQRQLQ9,9WKHUHLVDUHVRQDQFHEHWZHHQWKHYRUWH[VKHGGLQJIUHTXHQF\DQGWKHQDWXUDO
IUHTXHQF\RIWKHHODVWLFDOO\PRXQWHGULJLGF\OLQGHU7KHIRUFLQJIUHTXHQF\JHQHUDWHGE\YRUWLFHV
LV ORFNHG WR WKHF\OLQGHU¶VQDWXUDO IUHTXHQF\7KHUHVRQDQFH LVFHQWHUHGE\ WKHF\OLQGHU¶VQDWXUDO
IUHTXHQF\,QERWKRIWKH9,9SUREOHPDQGSUHVHQWVWXG\WKHUHVRQDQFHUHJLPHVDUHFHQWHUHGE\WKH
VWUXFWXUHV¶QDWXUDOIUHTXHQFLHV+RZHYHULQWKHSUHVHQWVWXG\DIRUFHGYLEUDWLRQLVDSSOLHGWRWKH
OHDGLQJHGJHRI WKHILODPHQWH[WHUQDOO\7KHH[WHUQDO IRUFHGYLEUDWLRQZLOOQRWEHDIIHFWHGE\ WKH
PRWLRQRIWKHILODPHQWDQGIOXLG,QWKHUHVRQDQFHWKHILODPHQWFKDQJHVLWVIODSSLQJIUHTXHQF\WR
UHVRQDWH WKHSHUWXUEDWLRQIUHTXHQF\RQFH WZR IUHTXHQFLHVEHFRPHFORVH%\FRQWUDVW WKH ORFNLQ
SKHQRPHQRQ VWXGLHG KHUH LV YHU\ VLPLODU WR WKH ORFNLQ SKHQRPHQD LQ WKH IRUFHG YLEUDWLRQ RI D
F\OLQGHU ,Q WKH ORFNLQUHJLPHRI WKHIRUFHGYLEUDWLRQRIDF\OLQGHU WKHYRUWH[VKHGGLQJSURFHVV
FROODSVHVRQWRWKHF\OLQGHU¶VIRUFHGYLEUDWLRQIUHTXHQF\+HUHLQWKHORFNLQUHJLPHWKHILODPHQW¶V
IUHH IODSSLQJ IUHTXHQF\ FRPSRQHQW GLVDSSHDUV OHDYLQJ RQO\ WKH IRUFHG YLEUDWLRQ IUHTXHQF\
FRPSRQHQW 
7KH YDULDWLRQ RI WKH GLPHQVLRQOHVV DPSOLWXGH $ ZLWK )S LV VKRZQ LQ )LJXUH E 7KH
DPSOLWXGHVRIWKHILODPHQWLQF\FOHVZHUHPHDVXUHGIURPWKHKLJKVSHHGFDPHUDUHFRUGHGLPDJHV
7KH\DUHQRQGLPHQVLRQDOL]HGE\WKHILODPHQW¶VOHQJWK/DQGGHQRWHGDV$כ,Q)LJXUHEWKHILOOHG
WULDQJOHUHFWDQJOHDQGGLDPRQGV\PEROVUHSUHVHQWWKH506DPSOLWXGHVRIWKHILODPHQWWUDLOLQJHGJH
7KHJUD\UHJLRQVDUHWKHYDULDWLRQUDQJHVRIWKHDPSOLWXGHVLQGLIIHUHQWF\FOHV7KHWRSDQG 
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),*$PSOLWXGHVRIWZRUHVSRQVHIUHTXHQF\FRPSRQHQWV7KHOHQJWKRIILODPHQW/ PP7ULDQJOHDVTXDUHEDQG
GLDPRQGFV\PEROVUHSUHVHQWWKHH[SHULPHQWDOGDWDDWWKHIORZVSHHGRIPVPVDQGPVUHVSHFWLYHO\)LOOHG
DQG RSHQHG V\PEROV GHQRWH WKH DPSOLWXGHV$ DQG$S UHVSHFWLYHO\ )Sכ LV WKH GLPHQVLRQOHVV H[WHUQDO IRUFHG YLEUDWLRQ
IUHTXHQF\$כLVGLPHQVLRQOHVVDPSOLWXGH 
ERWWRPERXQGDULHVRIWKHJUD\UHJLRQVGHGLFDWHWKHPD[LPXPDQGPLQLPXPIODSSLQJDPSOLWXGHVIRU
WKHILODPHQWDWWKHFRUUHVSRQGLQJH[WHUQDOIRUFHGYLEUDWLRQ$ODUJHJUD\]RQHPHDQVWKHIODSSLQJLV
WXQHG OLNHWKHRQHVKRZQLQ)LJXUHEZKLOHDQDUURZJUD\]RQHPHDQVWKHIODSSLQJLVDOPRVW
VLQXRXVZLWKFRQVWDQWDPSOLWXGH 
'XHWRWKHH[WHUQDOIRUFHYLEUDWLRQDSSOLHGWRWKHOHDGLQJHGJHRIWKHILODPHQWWKHDPSOLWXGHDW
WKHILODPHQW¶VWUDLOLQJHGJHLVFKDQJHG:LWKLQDUDQJHFORVHWRWKHILODPHQW¶VIUHHIODSSLQJIUHTXHQF\
WKHDPSOLWXGHLVHQKDQFHG7KHPD[LPXP506DPSOLWXGHUHDFKHVWLPHVWKHILODPHQWOHQJWKRU
WLPHVWKHLQLWLDOIUHHIODSSLQJDPSOLWXGH,QWKHH[SHULPHQWWKHPD[LPXPDPSOLWXGHZDVQRW
DOZD\VREVHUYHGDWWKHFHQWHULQWKHORFNLQIUHTXHQF\) DVVKRZQLQ)LJXUHVELDQGE
LL6RPHWLPHVLWLVREVHUYHGRXWVLGHWKHUDQJHDVVKRZQLQ)LJXUHELLL 
7KHGLVSODFHPHQWRIWKHWUDLOLQJHGJHLVGHVFULEHGLQ(T,WLVDVXSHUSRVLWLRQRIWZRZDYHV
:H FDOFXODWHG WKH DPSOLWXGHV RI WZR IUHTXHQF\ FRPSRQHQWV $ DQG $S WR LQYHVWLJDWH WKHLU
FRQWULEXWLRQVWRWKHDPSOLWXGH)LJXUHVKRZVWKHYDULDWLRQVRI$DQG$S$SLQFUHDVHVDVWKHH[WHUQDO
IRUFLQJ IUHTXHQF\ LQFUHDVHV WR DSSURDFK WKH IUHH IODSSLQJ IUHTXHQF\ I ,W UHDFKHV LWV SHDN DW )
UHVSHFWLYHO\,WWKHQGHFUHDVHVDOPRVWOLQHDUO\XQWLOWKHILODPHQWH[LWVWKH
ORFNLQ VWDWXV ,W FRQWLQXRXVO\GHFUHDVHVDV WKH LQFUHDVHRI ) UHPDLQVDURXQGDFHUWDLQYDOXH
RXWVLGHRIWKHORFNLQUHJLPH6LQFHWKHGLVSODFHPHQWRIWKHILODPHQW¶VWUDLOLQJHGJHLVOLPLWHGWKH
YDOXHRI$LVVXSSUHVVHGZLWKWKHLQFUHDVHRI$S,QWKHORFNLQUHJLPHLWEHFRPHV,Q)LJXUHF
ZKLFKFRUUHVSRQGVWR)LJXUHELLL$SKDVDOUHDG\LQFUHDVHGWRLWVPD[LPXPDWIכ EXW$
KDVQRWEHHQVXSSUHVVHG7KHVXSHUSRVLWLRQRIWZRZDYHVFUHDWHVWKHPD[LPXPDPSOLWXGHRXWVLGH
WKHORFNLQUHJLPH 
7KHYDULDWLRQRI6WURXKDOQXPEHULVVKRZQLQ)LJXUHF*LYHQDILODPHQWOHQJWKRIPP
WKH6WQXPEHUVZLWKRXWSHUWXUEDWLRQDUHDOO DURXQG LUUHVSHFWLYHRI WKH IORZVSHHGV:LWKDQ
H[WHUQDOSHUWXUEDWLRQWKH6WQXPEHUVYDU\EHWZHHQDQGIRUPRVWRIWKHWHVWV7KRXJKWKH
DPSOLWXGHRIWKHWUDLOLQJHGJHPD\QRWFHQWHUDURXQG)3כ WKHPD[LPXP6WQXPEHUFHQWHUVDURXQG
)3כ 7KLVVXJJHVWVWKDWWKHORFNLQSKHQRPHQRQOHDGVWRDODUJHHQHUJ\H[FKDQJHEHWZHHQWKH
VWUXFWXUHDQGIOXLG,QDGGLWLRQZLWKVRPH)Sכ WKH6WEHFRPHVORZHUWKDQWKDWRID IUHHIODSSLQJ
ILODPHQWZKLFKLQGLFDWHVWKDWWKHH[WHUQDOSHUWXUEDWLRQVXSSUHVVHVWKHHQHUJ\H[FKDQJHEHWZHHQWKH
VWUXFWXUHDQGIOXLG 
%&DVH% 
,QFDVH$WKHLQLWLDOVWDWHRIWKHILODPHQWLVVWDWLRQDU\LHWKHIUHHIODSSLQJIUHTXHQF\RIWKH
ILODPHQWI :KHQDSHUWXUEDWLRQLVDSSOLHGLH)S!WKHV\VWHPH[KLELWVDIRUFHGYLEUDWLRQ
VWDWH7KHGRPLQDQWUHVSRQVHIUHTXHQF\FRPSRQHQWLVHTXDOWR)S+RZHYHUZHIRXQGDQDGGLWLRQDO
IUHTXHQF\ FRPSRQHQW ZKHQ WKH H[WHUQDO IRUFLQJ IUHTXHQF\ )S LV ORZ 7KH DGGLWLRQDO IUHTXHQF\
FRPSRQHQWGLGQRWSUHVHQWZLWKRXWWKHH[WHUQDOIRUFHGYLEUDWLRQV,WLVLQGHSHQGHQWIURPWKHIRUFHG
YLEUDWLRQDPSOLWXGHDVZHOODVWKHIUHTXHQF\ 
)ROORZLQJWKHVWXG\RI0DUDLVHWDORQWKHLPSXOVHUHVSRQVHRIDF\OLQGHUZDNHEHORZWKH
FULWLFDO5H\QROGVQXPEHURIWKH%pQDUGYRQ.iUPiQLQVWDELOLW\ZHWHVWHGWKHVXEFULWLFDOUHVSRQVH 
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),*7UDLOLQJHGJHGLVSODFHPHQWZLWKDQLPSXOVLYHPRWLRQDSSOLHGWRWKHOHDGLQJHGJHRIDILODPHQW/ PP9 
PVD7KHGLVSODFHPHQWRIWKHWUDLOLQJHGJHE7KH))7UHVXOW7KHVXEFULWLFDOIUHTXHQF\LVPDUNHGDVIVXE 
RIWKHILODPHQWLQDVWUHWFKHGVWUDLJKWVWDWHE\DSSO\LQJDQLPSXOVLYHSHUWXUEDWLRQWRWKHOHDGLQJHGJH
RIWKHILODPHQW2QFHWKHLPSXOVLYHPRWLRQZDVDSSOLHGWKHILODPHQWVWDUWHGWRIODS7KHIODSSLQJ
DPSOLWXGH UHGXFHG DV WLPH SDVVHG E\ $IWHU VHYHUDO IODSSLQJ F\FOHV WKH ILODPHQW UHVWRUHG LWV
VWUHWFKHGVWUDLJKWVWDWH%\DQDO\]LQJWKHLQGXFHGPRWLRQRIWKHILODPHQW¶VWUDLOLQJHGJHZHREWDLQHG
WKHVXEFULWLFDOIUHTXHQF\IRUWKHILODPHQW)LJXUHVKRZVWKHGLVSODFHPHQWRIDILODPHQW¶VWUDLOLQJ
HGJHDQGLWV))7UHVXOW7KHOHQJWKRIILODPHQW/ PPDQGWKHIORZYHORFLW\9 PV$VZH
FDQVHHLQ)LJXUHDRQFHWKHILODPHQWVWDUWVWRIODSWKHDPSOLWXGHRIWKHILODPHQW¶VWUDLOLQJHGJH
LQFUHDVHVDQGWKHQGHFUHDVHVXQWLOWKHILODPHQWUHVWV7KH))7UHVXOWRIWKHVXEFULWLFDOUHVSRQVHLV
PDUNHGDVIVXELQ)LJXUHEIVXE +]7KHVWHSVLQWKHZDYHIRUPDUHGXHWRWKHUHVROXWLRQ
RIWKHLPDJHVFDSWXUHGGXULQJWKHWHVW,Q7DEOH,WKHYDOXHVLQEUDFNHWVDUHVXEFULWLFDOIUHTXHQFLHV
IRUWKHILODPHQWZLWKOHQJWKVRIDQGPPDWDIORZVSHHGRIPV 
:H IRXQG WKDW WKH VHFRQGDU\ UHVSRQVH IUHTXHQF\ FRPSRQHQW LV HTXDO WR WKH VXEFULWLFDO
IUHTXHQF\,QFDVH%WKHLQLWLDOVWDWHRIWKHV\VWHPLVVWDEOH:LWKDQH[WHUQDOIRUFHGSHUWXUEDWLRQ
H[WHUQDOHQHUJ\LVLPSRUWHGLQWRWKHV\VWHPZKLFKEULQJVWKHV\VWHPRXWRILWVQHXWUDOVWDELOLW\VWDWH
7KHH[LVWHQFHRIDVXEFULWLFDOIUHTXHQF\FRPSRQHQWVKRZVWKHV\VWHPVWDELOLW\EUHDNGRZQ 
$QRWKHUILQGLQJ LV UHODWHG WRWKH LQGXFHGIODSSLQJDPSOLWXGH:HIRXQG WKDWZLWKLQDFHUWDLQ
UDQJHRIIRUFHGYLEUDWLRQIUHTXHQF\DVPDOOH[WHUQDOIRUFHGYLEUDWLRQDWWKHILODPHQWOHDGLQJHGJH
FDQOHDGWRODUJHIODSSLQJDPSOLWXGHDWLWVWUDLOLQJHGJH7KLVSKHQRPHQRQLVGLVWLQJXLVKHGIURPWKH
K\VWHUHVLVGLVFRYHUHGE\=KDQJHWDOZKHUHWKHIODSSLQJVWDWXVUHPDLQVHYHQZKHQWKHH[WHUQDO
IRUFHGLVDSSHDUV+RZHYHULQWKHFXUUHQWFDVHWKHILODPHQWUHVWRUHVWKHVWUHWFKHGVWUDLJKWVWDWHRQFH
WKHH[WHUQDOIRUFHGYLEUDWLRQLVUHOHDVHG 
)LJXUHVKRZVWKHGLVSODFHPHQWRIWKHILODPHQW¶VWUDLOLQJHGJHDQGLWV))7UHVXOW7KHIRUFHG
YLEUDWLRQ DPSOLWXGH KHUHLQ LV / 7KH GRWWHG OLQH LQ )LJXUH LLL GHQRWHV WKH SRVLWLRQ RI WKH
VXEFULWLFDO IUHTXHQF\)LJXUH D LV WKHUHVXOWZLWKDQH[WHUQDO IRUFLQJ IUHTXHQF\)S +] ,Q
)LJXUHDLLLIRXUSHDNVDUHREVHUYHGIURPWKH))7DQDO\VLVI )SI IVXEI IDQGI I
,QFRQWUDVW WR)LJXUH DLLL WKH UHVXOWZLWKDQH[WHUQDO IRUFLQJ IUHTXHQF\ )S +]VKRZQ LQ
)LJXUH ELLL LQGLFDWHV WKH H[LVWHQFH RI RQO\ RQH IUHTXHQF\ FRPSRQHQW LH I  )S ZKLOH WKH
IUHTXHQF\ FRPSRQHQW WKDW LV HTXDO WR WKH VXEFULWLFDO IUHTXHQF\ GLVDSSHDUV 7KH IODSSLQJ RI WKH
ILODPHQWLQ)LJXUHELLVVLPLODUWRWKDWLQ)LJXUHVDDQGF 
:HWHVWHGSHULRGLFIRUFHGYLEUDWLRQVZLWKDPSOLWXGHVRIDQGRIWKHILODPHQWOHQJWKV
DQGPPDWIORZVSHHGRIPVUHVSHFWLYHO\$OORIWKHH[SHULPHQWDOUHVXOWVFRQILUPWKH
H[LVWHQFH RI WKH VXEFULWLFDO IUHTXHQF\ FRPSRQHQW DW D ORZ IRUFHG YLEUDWLRQ IUHTXHQF\ DQG WKH
HQKDQFHPHQWRIIODSSLQJDPSOLWXGH 
)LJXUHVKRZVVRPHUHVXOWVIRUFDVH%7KHOHQJWKRIWKHILODPHQW/ PPDQGWKHIORZ
YHORFLW\9 PV6LQFHWKHIUHHIODSSLQJIUHTXHQF\RIWKHILODPHQWI +]IRUFDVH%WKHVXE
FULWLFDO IUHTXHQF\ LV XVHG WR QRQGLPHQVLRQDOL]H WKH IRUFHG YLEUDWLRQ IUHTXHQF\ )SDQG UHVSRQVH
IUHTXHQF\ILQ)LJXUH7KHDPSOLWXGHLVQRQGLPHQVLRQDOL]HGE\/DQG6WLVHVWLPDWHGXVLQJWKH
SULPDU\FRPSRQHQWRII 
,Q)LJXUHDDVHFRQGDU\IUHTXHQF\FRPSRQHQWDSSHDUVZKHUH)SכUDQJHVIURPWR
*LYHQGLIIHUHQWIRUFHGYLEUDWLRQDPSOLWXGHVWKLVVHFRQGDU\IUHTXHQF\RQO\YDULHVDOLWWOH8QOLNH 
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),*7KHIODSSLQJRIDILODPHQWDWGLIIHUHQWH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQFLHVLQFDVH%/ PP9 PVWKH
IRUFHGYLEUDWLRQDPSOLWXGHLV/L7KHRYHUODSSLQJRIWKHILODPHQWLQWKUHHF\FOHVLL7UDLOLQJHGJHGLVSODFHPHQWZLWK
GLIIHUHQWH[WHUQDOIRUFHGYLEUDWLRQIUHTXHQFLHVLLL7KH))7UHVXOW7KHGRWWHGOLQHUHSUHVHQWVWKHSRVLWLRQRIWKHVXEFULWLFDO
IODSSLQJIUHTXHQF\IVXED)S +]E)S +] 
FDVH$KHUHWKHIUHTXHQF\FRPSRQHQWZKLFKLVHTXDOWRWKHIRUFHGYLEUDWLRQIUHTXHQF\)SLVDOZD\V
GRPLQDQW7KHIODSSLQJDPSOLWXGHVKRZQLQ)LJXUHESUHVHQWVDQLQFUHDVHGWUHQGRI$כIRU) 
PDLQO\ LQD UDQJHEHWZHHQDQG&RQVHTXHQWO\ WKH 6WQXPEHUDOVR LQFUHDVHVZLWK WKH
DPSOLWXGH$W)SDURXQGWKH6WQXPEHULVDURXQGZKLFKLVFORVHWRWKH6WQXPEHURIWKHIUHH
IODSSLQJILODPHQWLQDQRVFLOODWLRQVWDWH 
7KHDPSOLWXGHHQKDQFHPHQWLVOLPLWHGWRDUDQJHRIIRUFHGYLEUDWLRQIUHTXHQFLHV,QRUGHUWR
DQDO\]HWKLVSKHQRPHQRQZHVWXGLHGWKHYRUWH[VWUXFWXUHLQWKHILODPHQWZDNH7KRXJKWKHZDNHLV
QRWDNH\IDFWRULQWKHRQVHWRIDILODPHQW¶VIODSSLQJLWSOD\VDUROHLQWKHIXOOGHYHORSHGQRQOLQHDU
IODSSLQJRIDILODPHQW$FFRUGLQJWRWKH9RUWLFLW\0RPHQW7KHRU\907SURSRVHGE\:XIRUDQ
DLUIRLOPRYLQJLQDIOXLGLQDWZRGLPHQVLRQDOSODQHWKHOLIWIRUFHSHUXQLWOHQJWKRIDDLUIRLOVSDQLV 
 
),* 5HVSRQVH LQ WKH VWUHWFKHGVWUDLJKW VWDWH7KH OHQJWK RI ILODPHQW /  7ULDQJOH VTXDUH DQGGLDPRQG V\PEROV
UHSUHVHQWWKHH[SHULPHQWDOGDWDDWIRUFHGYLEUDWLRQDPSOLWXGHVRIDQGRI/UHVSHFWLYHO\D)LOOHGDQGRSHQHG
V\PEROVUHSUHVHQWWKHSULPDU\DQGVHFRQGDU\IUHTXHQFLHVUHVSHFWLYHO\E$כLVWKHGLPHQVLRQOHVVDPSOLWXGHRIWKHILODPHQW¶V
WUDLOLQJHGJHF6WLVWKH6WURXKDOQXPEHURIWKHILODPHQW 
JLYHQE\ 
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  
ZKHUH[\DUHFRRUGLQDWHVGHILQLQJWKHIORZSODQH[LVWKHIORZGLUHFWLRQȡLVWKHIOXLGGHQVLW\5I
LVWKHIOXLGUHJLRQDQGȦLVWKHYRUWLFLW\7KHHTXDWLRQSURYLGHVDQHVWLPDWLRQRIWKHOLIWDFWLQJRQ
WKHILODPHQW7KHIRUFHUHOLHVRQWKHVWUHQJWKRIWKHYRUWLFHVDQGWKHLUGLVWDQFHGRZQVWUHDP,QWKH
IDU ILHOG IURP WKH IRLO YRUWLFHV DUH SUHVHQWHG LQ SDLUV ZLWK RSSRVLWH URWDWLQJ GLUHFWLRQV7KH OLIW
JHQHUDWHGE\WKHPLVFDQFHOHGE\HDFKRWKHU7KLVOHDYHVRQO\WKHOLIWJHQHUDWHGE\WKHPRVWUHFHQWO\
VKHGYRUWLFHVLHWKHOLIWLVGHWHUPLQHGE\WKHODVWVKHGYRUWLFHVDQGWKHLUPRYLQJVSHHGDQGGLVWDQFH
IURP WKH ILODPHQW &RQVLGHULQJ WKH HIIHFW RI IRUFHG YLEUDWLRQ DW WKH ILODPHQW OHDGLQJ HGJH WKH
ILODPHQWIODSVDW)SWKHUHIRUHWKHUHGLVWULEXWLRQRIIORZHQHUJ\IROORZVWKHIUHTXHQF\RI)S7KH
FRQWLQXRXVO\XSDQGGRZQIODSSLQJPRWLRQUHGLVWULEXWHVWKHIORZHQHUJ\DVVRFLDWHGZLWKYRUWLFHV
DQGGHWHUPLQHVWKHLUVWUHQJWK$WDORZIRUFHGYLEUDWLRQIUHTXHQF\)SWKHORFRPRWLRQRIWKHILODPHQW
LVWRRZHDNWRSURGXFHVXIILFLHQWO\FRQFHQWUDWHGYRUWLFHV$WDKLJKIRUFHGYLEUDWLRQIUHTXHQF\WKH
IORZHQHUJ\LVUHGLVWULEXWHGLQWRWRRPDQ\YRUWLFHV)RUHDFKYRUWH[LWVVWUHQJWKLVDOVRZHDN,Q
ERWKFRQGLWLRQVWKHVWUHQJWKRIWKHYRUWLFHVLVWRRZHDNWRPDLQWDLQODUJHDPSOLWXGHIODSSLQJIRUWKH
ILODPHQW 
,Q)LJXUHWKUHHVQDSVKRWVRIDILODPHQW¶VIODSSLQJDWIRUFHGYLEUDWLRQIUHTXHQFLHVRI+]
+]DQG+]DUHJLYHQ$VVHHQIURP)LJXUHDZKHUH)S +]WKHYRUWLFHVDUHVRZHDN
WKDWWKH\DUHDOPRVWLQYLVLEOH:KHQ)SLVLQFUHDVHGWR+]LQ)LJXUHEWKHIODSSLQJDPSOLWXGH
EHFRPHVODUJHDQGDVWURQJYRUWLFHVVWUXFWXUHLVJHQHUDWHGDVHYLGHQWIURP)LJXUHE8QGHUWKLV
VLWXDWLRQ D ODUJH RVFLOODWLQJ DPSOLWXGH OHDGV WR D VWURQJ YRUWH[ ZKLFK LV DEOH WR UHWDLQ D ODUJH
RVFLOODWLQJDPSOLWXGH:KHQWKHIRUFHGYLEUDWLRQIUHTXHQF\LVIXUWKHULQFUHDVHGWR+]DVVKRZQ
LQ)LJXUHFWKHYRUWH[LQWKHZDNHDSSHDUVWREHWRRZHDNWRLQWHUDFWZLWKWKHILODPHQWDQGWKH
ILODPHQWWHQGVWREHVWDEOHDQGLVXQDEOHWRGHYHORSDODUJHDPSOLWXGHIODSSLQJ 
,9',6&866,21 
,QWKHSUHVHQWVWXG\ZHH[DPLQHGWKHG\QDPLFUHVSRQVHRIDIOH[LEOHILODPHQWWRDQH[WHUQDO
IRUFHGYLEUDWLRQLQDIORZLQJVRDSILOPZLWKLWVLQLWLDOVWDWHHLWKHULQDQRVFLOODWLQJFDVH$RUD 
 
),*6QDSVKRWVRIIODJIODSSLQJDWGLIIHUHQWIRUFHGYLEUDWLRQIUHTXHQFLHVIRUDVWUHWFKHGVWUDLJKWFDVH7KHILODPHQWOHQJWK 
/ PPIORZVSHHG9 PVWKHIRUFHGYLEUDWLRQDPSOLWXGHLV/D7KHIRUFHGYLEUDWLRQIUHTXHQF\LV+]E
WKHIRUFHGYLEUDWLRQIUHTXHQF\LV+]FWKHIRUFHGYLEUDWLRQIUHTXHQF\LV+] 
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VWUHWFKHGVWUDLJKW VWDWH FDVH % ,Q DQ RVFLOODWLQJ VWDWH WKH VWXG\ VKRZV D V\QFKURQL]DWLRQ
SKHQRPHQRQWKDWWKHV\VWHPRVFLOODWHVDWWKHVDPHIUHTXHQF\DVWKDWRIWKHH[WHUQDOIRUFHGYLEUDWLRQ
)RUDQLQLWLDOVWUHWFKHGVWUDLJKWVWDWHWKHV\VWHPSUHVHQWVDQRWKHUIUHTXHQF\FRPSRQHQWLQDGGLWLRQ
WRWKHIRUFHGYLEUDWLRQIUHTXHQF\:LWKDQLQLWLDORVFLOODWLQJVWDWHWKHIRUFHGYLEUDWLRQDWWKHOHDGLQJ
HGJH OHDGV WRDQ LQFUHDVH LQ WKH WUDLOLQJHGJHRVFLOODWLQJDPSOLWXGHDQG 6WQXPEHU LQ WKH ORFNLQ
UHJLPH,QDVWUHWFKVWUDLJKWVWDWHWKHUHVXOWVVKRZWKDWZLWKVRPHSDUDPHWHUVWKH6WQXPEHURIWKH
ILODPHQWLVHTXDOWRWKDWLQWKHRVFLOODWLRQVWDWH 
6WQXPEHUUHSUHVHQWVDUDWLREHWZHHQWKHWUDLOLQJHGJHYHORFLW\DQGIOXLGYHORFLW\7KRXJKLWV
YDOXH FDQQRW EH XVHG WR TXDQWLWDWLYHO\ PHDVXUH WKH NLQHWLF HQHUJ\ H[FKDQJH EHWZHHQ IOXLG DQG
VWUXFWXUH,WSURYLGHVDTXDOLWDWLYHZD\WRHYDOXDWHWKHHQHUJ\H[FKDQJH7KHH[WHQWRIWKHH[WUDFWHG
HQHUJ\ IRU D IOH[LEOH VWUXFWXUH IURP LWV VXUURXQGHG IOXLG UHOLHV RQ LWV VWUXFWXUDO GHIRUPDWLRQ %\
IRUFLQJWKHOHDGLQJHGJHWRYLEUDWHZLWKVPDOORVFLOODWLQJDPSOLWXGHRXUVWXG\RQDIOH[LEOHILODPHQW
G\QDPLFUHVSRQVHVKRZVWKDWDVPDOODPRXQWRIHQHUJ\LQSXWLQWRWKLVV\VWHPFDQWULJJHUDQGHYHQ
HQKDQFHWKHV\VWHPLQVWDELOLW\ZKLFKDOORZVWKHVWUXFWXUHWRH[WUDFWPRUHHQHUJ\IURPIOXLG7KH
SHULRGLFGLVWXUEDQFHSOD\VD³EULQJLQJDKHDY\ ILVWRXWRID OLJKWRQH´ UROH LQ WKH V\VWHPHQHUJ\
H[WUDFWLRQ7KLVLGHDFRXOGEHEHQHILFLDOIRUH[SORULQJDQGGHVLJQLQJVRPHUHQHZDEOHHQHUJ\GHYLFHV
EDVHGRQDIOH[LEOHRVFLOODWLQJPRWLRQ 
7KH H[SHULPHQWDO VHWWLQJ LQ WKHSUHVHQW VWXG\ LV VLPLODU WR WKH VWXGLHVRQ D IRUFHGYLEUDWLQJ
F\OLQGHU,QWKHVHVWXGLHVDORFNLQUHJLPHZDVIRXQGLQWKHPLGGOHRIWZRQRQORFNLQUHJLPHV
,QWKHQRQORFNLQVWDWHWKHGRPLQDQWIUHTXHQF\FRPSRQHQWLQWKHZDNHRIWKHF\OLQGHULVHTXDOWR
WKH ZDNH VKHGGLQJ IUHTXHQF\ ZLWKRXW IRUFLQJ7KH DFWLYH FRQWURO PHWKRG ZDV IRXQG WR EH YHU\
HIIHFWLYHLQWKHUHLQIRUFHPHQWRIWKHYRUWH[VWUHHWLQWKHZDNHRIWKHF\OLQGHU6LPLODUUHVXOWVZHUH
REVHUYHGLQWKHSUHVHQWVWXG\6SHFLILFDOO\ LQFDVH$WKHORFNLQUHJLPHZDVIRXQGEHWZHHQWZR
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